phenols in beech) [24, 25] . Therefore, one can hypothesise that populations are subjected to natural selection on account of differences in food plants and their different parts [cf. 11,26] . In this experimental study, we analysed the foraging behaviour of B. constrictus in relation to the source environment from where these individuals originated.
Experimental Procedures

Study species
The eastern saw-tailed bush-cricket, B. constrictus, is a treedwelling species occurring mainly in coniferous forests, but some isolated populations can also be found in forests where broadleaved trees (beech, oak, hornbeam) dominate [22, 27] . Although the species was found to be a pest among the seedlings of conifers in the past, nowadays it is recorded in very low abundance, probably because of the change in forest management towards more nature-friendly practices excluding monoculture plantations [20, 21] . As a herbivorous species, it can consume a wide variety of plants, but it mainly feeds upon the needles of the Norway spruce (Picea abies) and Scots pine (Pinus sylvestris) [20, 21, 29] . Eggs are hatched after 1-3 years (winter diapauses) depending on the local climatic conditions and five or six nymphal instars precede adult moulting [21, 23] ). Adults that reach a body length of 14-25 mm are short-winged, hence flightless, with an average adult lifetime of about two months [29] . This species has two colour phenotypes -dark or light green -with possible intermediate forms [20] . Though dark-green are the most typical, light-green individuals prevail in broadleaved forests (see below) where specific environmental conditions can determine their body colour [cf. 30].
Experimental design
For the lab experiment, we used bush-crickets hatched in natural conditions; thus the sample size was limited by the rare occurrence (especially in broadleaved forests) and difficult field collection of the species [21] . Third to fifth nymphal instars were collected from woody vegetation by sweeping hand nets from May 25 until June 8 (2010 and 2011) in Central and Northern Slovakia (48°29´-49°09´N, 19°01´-19°55´E). We sampled bushcrickets in different source forest habitats regarding a dominant tree species (i.e. >90% of cover in the canopy layer) and pooled individuals from several independent sites into two groups. Individuals from a 'spruce forest' (dominant tree species -P. abies) were collected at two sites (1068-1658 m a.s.l.) while individuals from a 'beech forest' (dominant tree species -European beech, Fagus sylvatica) were collected at five sites (497-868 m a.s.l.).
After transporting the specimens into the lab, they were reared (7-10 days) according to standard conditions (air temperature 22-26 °C, relative humidity ~50%, natural daylight) and fed leaves of European dewberry, Rubus caesius, ad libitum. All individuals, before entering the experiment (June 24 -July 10), were kept acclimatised for at least one week or until they reached adulthood. Finally, 22 adult females (2-5 days of adulthood) from the spruce forest (91% of them were classified as dark-green phenotype) and 23 (2-6 days of adulthood) from the beech forest (74% light-green phenotype) were used for 10 days in a parallel experiment (from both populations) that involved a choice of two different diets. (No males were involved in the experiment because of the low sample size.) The standard daily fresh-food dose (twigs stored in a glass of water) comprised one twig of spruce where one-year-old needles had grown on 25 cm of its total length and one twig of young beech (<5 years old) wearing three fresh leaves, each with an average length of 6 cm. Both the offered host plant materials were collected from plant individuals and twigs of the same age at one site daily during the time of the experiment. Each female was housed separately in a glass container (volume 4 l) with air circulating through the netting at the top (air temperature 22-26°C, relative humidity ~50%, natural daylight). Along with the replacement of food and fresh water, the containers that they lived in were cleaned each day from 06:00 to 06:30 CEST. We recorded two parameters of foraging behaviour each day of the experiment: 1) the number of needles that had signs of being nibbled by bush-crickets according to the description [29] , and 2) the relative proportion of spruce droppings from all of the droppings that were defecated. The consumed needle area was noted (measured as % of needle length) in both bush-cricket populations. A needle was considered to be fully consumed when >90% of its length was missing and as nibbled when only tip of the needle was consumed (<10%). Less than 5% of beech leaves had traces of nibbling (in positive cases a maximum 20% of the leaf surface), so we did not compare the damage to beech leaves between the two tested groups. All the droppings were dissected under 30× magnification using a Motic SMZ-168 stereo zoom microscope and the determination of their contents was based on the structure of the plant tissue remains [31] . These include observations of spruce having a light fibrous structure and beech showing green fragments of leaf nervation (Fig. 1) . Before the experiment, the structure of defecated remains was verified using independent individuals when only single plant species were provided; thus, it was possible to easily classify each dropping as either a spruce or beech dropping. This method allowed the unambiguous classification of droppings into these two categories and the proportion of some intermediate forms (mixed spruce and beech plant material in one dropping) was negligible.
Data analysis
The experiment was designed so that each individual was tested repeatedly for ten days. Therefore, we analysed data using a repeated-measures analysis of variance. We tested for the source habitat as a between-groups effect (spruce or beech forest) and for the day (day in the experiment) and source habitat × day (interaction term) as withingroups effects. The number of needles that had signs of being nibbled and the proportion of spruce droppings from all of the droppings that were defecated did not have normal distributions, thus we log-transformed data prior to analysis. We used Mauchly's test to control for the sphericity assumption of univariate repeated-measures analysis. When the data did not meet that assumption, degrees of freedom and p-values were adjusted by using the Greenhouse-Geisser correction for effects with more than two levels. The total number of droppings per individual was compared between the two groups by non-parametric Mann-Whitney U test. Computations were performed in R 2.11.1 [32] .
Results
In the experiment we found that the source habitat had a highly significant effect on the number of needles nibbled by adult bush-cricket females (p < 0.001; Table 1 , Fig. 3a) . Individuals from the spruce forest mainly foraged only on needle tips (<10% of the needle length) and often tore off needles from the twig while eating (Fig. 2) . effects of their hosts [24, 33] . When a population is exposed to such an effect on individuals' fitness over generations, a selection process can alter foraging behaviour [16, 26] . In our case, the bush-crickets from the spruce forest adapted to consume only high-quality food, the needle tips [24] . The observed variation in foraging behaviour
In contrast to this, individuals from the beech forest had a different strategy, since they almost consumed the entire needle (>90% of the needle length). Hence, individuals from the spruce forest nibbled more needles per day than those from the beech forest (medians 106.0 vs. 42.5; Fig. 3a) . The day of the experiment did not have an effect on this pattern. Though they had different strategies when foraging on needles, both groups of bush-crickets avoided beech leaves as spruce droppings represented 93.6% (median) in individuals from the spruce forest and 90.2% in individuals from the beech forest (Fig. 3b) . This composition of droppings did not change significantly during the experiment (Table 2) . Nevertheless, the overall appetite of the individuals was very similar regardless of the source habitat. Individuals from both the spruce and beech forest produced almost the same number of droppings, 7644 and 7621 respectively, i.e. 34 (33-35) droppings a day (as a median and 95% CI; Z = 0.2, p = 0.842).
Discussion
Our experimental study showed that the foraging behaviour of B. constrictus individuals may differ with regard to the source habitat they come from [cf. 9, 23] . Besides equal consumption of spruce mass (expressed by the production of droppings) in both tested groups, individuals from the spruce forest nibbled significantly more needles which was the result of a different foraging strategy. To our knowledge, this is the first report on conditioned feeding strategy coming with experience in needle eating insect. Specialised foraging on conifer needles seems to be typical for all developmental stages in our studied species and it is a very special diet among orthopterans [22, 23] . The consumption of both tested plants is generally possible for specialised herbivores only, which possess mechanisms to overcome the harmful when the bush-crickets consumed the generally preferred spruce [20, 22, 23] supports this possibility. Although our data set is limited due to methodological constraints, we may suggest that differences in obtaining nutrition from spruce needles have most likely evolved through natural selection [15, 16] . Here we briefly propose possible scenarios of adaptations that are rather remarkable in insect evolution.
What needs to be considered first is that coniferous foliage has a characteristic increase in concentration and amount of monoterpenes along the needle from tip to base, which deters herbivore insects from feeding on entire needles [24] . Preference for needle tips may also be related to softer tissue or higher nutritional value and can be demonstrated by individuals that originated from spruce forests and preferred needle tips. Thanks to this adaptation, bush-crickets from spruce forests can effectively avoid harmful effects and maintain their fitness or breeding success better than individuals from beech forests [2, 14, 33] . This hypothesis is supported by a significantly higher abundance of studied species in coniferous than in broadleaved forests [20, 21] . The other consideration involves individuals that hatched in a beech forest and artificial surplus of spruce needles as a valuable food source could alter their behaviour [10] . Either that, or bush-crickets are possibly adapted to worse beech (phenolic) conditions, this encourages the feeding of whole needles when available [23, 25] . Both considerations are quite plausible as conditioned behaviour appears to be an adaptation mechanism when it comes to the foraging of B. constrictus. However, multi-choice feeding experiments with different host plants may shed more light on the diet selection process of this herbivorous insect.
